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OBJECTIVE

Our objective was to develop a portable software tool that automatically generates the Ada source
code to define bit-oriented messages. This tool can help reduce development costs for command and
control systems and other Ada software that process bit-oriented messages.

RESULTS

We designed, coded, and demonstrated the Bit-Oriented Message Definer (BMD) tool. The tool
compiles and executes in the Vax Ada, Sun Telesoft, and Sun Alsys environments and generates message
definitions for five target environments. A prelin:\nary version was used to generate approximately 7000
Ada source lines of code for the Ada Bit-Oriented Message Handler (ABOM) Project.

RECOMMENDATIONS

1. Programmers who are developing Ada software that process bit-oriented messages should try using
the BMD. BMD can reduce development time.

2. Ada compiler validation testing needs to be more comprehensive. Validation testing currently
does not test representation specifications but needs to. During testing of the BMD, problems were found
with the representation specifications for two validated compilers.

3. Automatic code generation can be used effectively for Ada applications. The automatic code is
most appropriate when the source code is repetitious and writing it manually is labor intensive.

4. Even when writing small programs a design methodology should be used. Small programs fre-
quently expand. A good design facilitates changes, maintenance, and reuse.
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INTRODUCTION

The Bit-Oriented Message Definer (BMD) is
a portable interactive software tool for automati-
cally generating Ada source code that defines bit-
oriented messages. The BMD can help reduce the
development costs for Ada software that processes
bit-oriented messages. Appropriate applications
include command and control systems, such as,
the Command and Control Processor (C2P)
Shadow Project, which is being directed by Naval
Ocean Systems Center (NOSC) and the Ship
Gridlock Project, which is being conducted at the
Naval Surface Warfare Center (NSWC),
Dahlgren, VA.

The BMD executes on the Vax Ada, Sun
Telesoft Ada, and Sun Alsys compilers and gener-
ates source code that will execute in at least five
different target environments.

The BMD automatically generates the Ada
source code that a programmer would otherwise
need to manually generate. This manual process is
time consuming and requires specific knowledge
of the target computer and compiler. Information
the programmer would have to know includes how
bits are numbered, how they are ordered, the size
of type integer, as well as other details. The BMD
user does not need to know these differences. The
source code for the message definitions is gener-
ated automatically for the target environment the
user selects. The BMD user simply defines the
messages by looking at pictures of message layouts
in software specification documents and then by
responding to interactive program prompts. The
user needs only a minimal knowledge of Ada.

BACKGROUND

The BMD tool was developed as an Inde-
pendent Exploratory Development project at
NOSC. A need for this tool was identified during
the development of software for the Ada Bit-
Oriented Message Handler (ABOM) project, car-
iied out by Science Applications International

Corporation (SAIC) under the direction of
NOSC, Code 411. ABOM software processed
hundreds of bit-oriented messages. These
included link-11, link-4a, link-16, as well as,
Combat Direction System (CDS) messages. Writ-
ing the message definitions in Ada by hand was
labor intensive, repetitious, and tedious. Errors
were easily made. We determined the message
definition process could be rapidly and accurately
done by automating it. Preliminary BMD work
began during the development of ABOM soft-
ware.

The approach taken to develop BMD was to
collect the definitions oi bit-oriented messages
from actual Ada projects. These projects were

1. AN/WSN-5 Inertial Navigation System
(INS) developed by the Scftware Engi-
neering Institute (SEI)

2. Command and Contro! Processor (C2P)
Shadow developed by the Hughes Aircraft
Corporation and Syscon Corporation for
NOSC, Code 411

3. Ada Bit-Oriented Message Handler
(ABOM) software developed by SAIC for
NOSC, Code 411

The BMD was developed to be general pur-
pose, allowing messages to be defined in different
ways. The BMD provides the capability for defin-
ing messages required for these projects and other
applications.

KEY FEATURES

HOST ENVIRONMENTS
Vax Ada
Sun Telesoft
Sun Alsys

BMD is a very portable tool. BMD will
compile and execute in these environments.




TARGET ENVIRONMENTS

Vax Ada

Sun Telesoft Ada
AN-UYK/43 Ada_L
AN-UYK/44 Ada_M
Sun Alsys Ada

CHARACTERISTICS OF THE BMD

a. Provides capability for defining different
size messages whose fields vary in length

b. Allows discriminated records to be
defined

This feature is useful «vhen messages have
many common fields.

c. Allows multiple messages to be defined in
one package

d. Provides capability for assigning default
values to fields

Default values can be assigned in base 2
through 16 using Ada-like notation.

e. Allows use of field types delined in g'obal
or definitions packages.

f. Does extensive error checking

Error checking includes (1) examining
the validity of file names, (2) checking
field names, package names, and type
names to determine if they are valid Ada
identifiers, (3) checking field position to
ensure previously defined fields are not
overlaid, and (4) determining if the size
of a default integer is too large for the
field size. Error messages are displayed to
allow the user to make corrections.

Writes descriptive header to package
specification

The header gives the user name, output
file name, name of target environment,
the date and time the package specifica-
tion was created and other relevant infor-
mation.

CHARACTERISTICS OF SOURCE
CODE GENERATED

a.

C.

Defines messages as records

Record representation clauses are auto-
matically generated to specify the order,
position, and size of message fields.

. Defines message fields tc be integer types

Message fieids are defined to be integer
types of the appropriate size for the field
widths. The integer type statements and
length clauses are generated automati-
cally.

Aligns records on word boundaries

TOOL LIMITS

a.

Maximum number of messages allowed in
a package specification: 200

. Maximum number of bits in a message

word: 64

Maximum number of bits in a message:
10,000

Maximum field size: 32 bits

. Maximum identifier length: 80 characters

Note: These limits are declared in pack-
age Spec_Gen_.ada




EXAMPLES

The use of BMD will be illustrated with two
examples. The first example is the definition of
two INS messages. The second illustrates the use
of a discriminated record to define three dummy
track messages.

INS MESSAGES EXAMPLE

In this example, the Time and Status Message
and Attitude Message are defined first for a Vax
Ada target environment and then for a Sun Alsys
target environment. This example illustrates the
difference in the source code generated for these
targets.

Figure 1 shows the message layout for the
Time and Status Message while figure 2 depicts
the layout for the Attitude Message. These are
actual message formats taken from the interface
design specification document for the INS (NAV-
SEA, 1582).

Figure 3 shows the BMD prompts and user
inputs to generate these message definitions for a
Vax Ada target environment. All user inputs are
shown in italics. The user, Hans, entered run

Bits
15 ¢ 112 3 4 98y 39 1% 9 49
MESSAGETYPE-OOSJ —

0| NUMBER OF WORDS = 005 ¢
bsH M+ EMLID STATUS « 0 »SFO 2
0 GLSTAT o | GRSTAT

o GMT 4
GMT Words

TEST WORD ONE = 1010101010101010 6

TESTWORDONE= 1010101010101090 2

TEST WORD TWO = 0101010101010101 8

TESTWORD TWO = 0101010101010101 2

Figure 1. Time and status message for
the AN/WSN-5 inertial navigation set.

BMD to begin execution. Hans then entered his
name and selected Vax_Ada as the target envi-
ronment. He indicated the output file name was
INS_File, that the number of bits in a message
word is 16, the package specification created will
be named INS_Spec, the message group name
was INS, the message objects will be defined, and
the Time_and_Status and Attitude message will be
created. The fields in the message were defined

Bits

15, ) 112 5 48 3 1 04 1310

MESSAGE TYPE= 002 | ——————— [

o NUMBER OF WORDS = 011

8
OWNSHIP HEADING 2
OWNSHIP PITCH Words
OWNSHIP ROLL 4

OWNSHIP HEADING RATE

OWNSHIP PITCH RATE 6

OWNSHIP ROLL RATE

Figure 2. Attitude message for the
AN/WSN-5 inertial navigation set.

Bits
15) ) 112 4 3 18y 1 1 44 91 40
GMT 8
avuT
EAST COMPONENT OWNSHIP VELOCITY 10

NORTH COMPONENT OWNSHIP VELOCITY

VERTICAL COMPONENT OWNSHIP VELOCITY | { 2

OWNSHIP SPEED Words

TESTWORDONE = 1010101010101010 , 14

TESTWORDONE = 1010101010101010 2

TEST WORD ONE = 010!0101010101012 16

TESTWORDONE « 0101010101010101 2

Figure 2. (Continued) Attitude message for
the AN/WSN-5 inertial navigation set.



run bad

Enter user name >Hans
Enter target environment
(V‘A! ADA, ADA L, ADA M, 8UN_°
Enter name of file that
Enter number of bits in

TEL, SUM m18)>vux ada
will contain specs >INS File.
& message word >16

Enter name of package specification to create >INS Spec
Enter name of mmssage group >INS

Create message objects (

Y oxr W)? >y

Enter message namaes in msg group. Enter ‘;‘’ for last msg.

1 >Time and St
2 >attitude
3>,

You are now ready to ant

atus

er fields for all messages.

nter ’;’ for last field.

Is Message Time and Status going to use discriminated records
(Y or H)? >n
Enter FIELD NAME [PACKAGE_NAME.TYPE MAME] [DEFAULT VALUE! for

message 'H.no and_Status
Tino md Status
Enter start word number
Enter end word number &
Time and Status
Enter start word number
Entar end word number &
Time_and Status
Enter start word number
Enter end word number &
Time and_status
Enter start woxrd number
Enter and word number &
Time_and_Status
Enter start word number
Enter end word number &
Time_and Status
Enter start word number
Enter end word number &
Time and_Status
Enter start word number
Enter end word numbaer &
Time_and Status
Enter start word number
Enter end word number &
Time_and Status
Enter start word number
Enter end word number &
ZTime and_Status
Enter start word numberx
Enter end word number &
Time_and Status
Enter start word number
Enter end word number &
Time_and Status
Enter start word number
Enter end word number &
Time_and_Status

1 >Message Type 8#003#

& start bit po-ition of field (ww,bb) >0,8

end bit position of field (ww,bb) >0,15
2 >Number_of Nords 8#005#

& start bit position of field (ww,bb) >1,1
end bit position of field (ww,bb) >1,b14
3 >Zero Bitl 0

& start bit position of fleld (ww,bb) >2,0
end bit position of field (ww,bb) >2,0
4 >I0T

& start bit position of field (ww,bb) >2,1

end bit position of field (ww,bb) >2,1
S >Ns

& start bit position of field (ww,bb) >2,2

end bit position of field (ww,bb) >2,2
6 >Status 0

& staxt bit position of field (ww,bb) >2,3

end bit position of field (ww,bb) >2,9
7 >EML_ID

& start bit position of field (ww,bb) >2,10

and bit position of field (ww,bb) >2,12
8 >CAL

& start bit position of field (ww,bdb) >2,613

and bit position of field (ww,bb) >2,13
9 >DSA

& start bit position of field (ww,bb) >2,6 14

end bit position of field {ww,bb} >2, 14
10 >psr

& start bit position of field (ww,bb) >2,15

end bit position of field (ww,bb) >2,15
11 >GRSTAT

& start bit position of field (ww,bb) >3,0

end bit position of field (ww bb) >3, 4
12 >Zero_Wordl 0

& start bit position of field (ww,bb) >3,5
end bit position of field (ww,bb) >3,7
13 >CLSTAY

Figure 3. Prompts and user input for time and status and attitude message

for Vax Ada target.




Enter start word number
Enter end word number &
Time and Status
Entex staxt word number
Enter and word number &
Time_and Status
Enter start word number
Entexr end word anumber &
Time and Status
Enter start word numbar
Enter end word number &
Time and Statua
Enter start word number
Enter end word number &
Time_and Status
Enter start word number
Enter end word number &
Time and Status
Enter start word number
Enter end word number &
’nm._.nd_stat\u
Enter start word number
Enter end word number &
Time and Status

& start bit position of field (ww,bb) >3,8

end bit position of field (ww,bb) >3,12
14 >Zero Woxrd2 0

& start Bit position of field (ww,bb) >3,13

end bit position of field (ww,bb) >3,15
15 >eNT1

& start bit position of field (ww,bb) >4,0

end bit position of field (ww,bb) >4,10
16 >Xero Word3l 0

& start bit position of field (ww,bb) >4, 11

end bit position of field (ww,bb) >4, 15
17 >GNT2

& start bit position of field (ww,bb) >5,0

end bit position of field (ww,kbb) >5,615
18 >Test Wordla 2#1010101010101010#

& start bit position of field (ww,bb) >6,0
end bit position of field (ww,bb) >§,615
19 >Test_WNordld 2£#1010101010101010#

& start bit position of field (ww,bd) >7,0
end bit position of field (ww,bb) >7,15
20>Test Nord2a 2#0101010101010101#

& start bit position of field (ww,bdb) >8,0

end bit position of field (ww,bb) >8,15
21 >Test Word2b 2#0101010101010101F

Enter start word number
Enter end word number &
Time and Status

& start Bit position of field (ww,bb) >9,0
end bit position of field (ww,bdb) >9,15
22 >;

Is Message Attitude going to use discriminated records

(Y ox M)? >an

Enter FIELD MAME (PACKAGE NAME.TYPE_MAME] [DEFAULT_VALUE] for
nassage Attitude

Attitude 1 >Nessage_Type 8#002#

Enter start woxrd number & start bit position of field (ww,bb) >0,8
Enter end word number & end bit position of field (ww,bb) >0,15
Attitude 2 >Number of Nords 88011#

Enter start word number & start bit position of field (ww,bb) >1,1
Enter end word number & end bit position of field (ww,bb) >1,14
Attitude 3 >Zero_Bitl 0

Enter start word number & start bit position of field (ww,bb) >1,15
Enter end word number & end bit position of field (ww,bb) >1,15
Attitude 4 >Ownship Heading

Enter start word number & start bit position of field (ww,bk) >2,0
Enter end word pumber & end bit position of fiald {ww,tb} >2, 15
Attitude S >Ownship Pitch

Enter start word number & start bit position of field (ww,bb) >3,0
Enter end word number & end bit position of field (ww,bb) >3,15
Attitude € >Ownahip Roll

Enter start word number & start bit position of field (ww,bb) >4,0
Enter and word number & end bit position of field (ww,bb) >4,15
Attitude 7 >Ownship Hea Rate

Enter start word number & start bit position of field (ww,bb) >S,0
Enter end word number & end bit position of field (ww,bb) >5,1S
Attitude 8 >Ownship Pitch Rate

Figure 3. (Continued) Prompts and user input for time and status and attitude

message for Vax Ada target.




Enter start word number & staxt bit position of field (ww,bb) >6,0
Enter end word number & end bit position of field (ww,bb) >6,15
Attitude 9 >Ownship Roll Rate

Enter start word number & start bit position of field (ww,bb) >7,0
Enter end word number & end bit position of field (ww,bb) >7,15
Attitude 10 >Qea1

Enter start word number & start bit position of field (ww,bb) >8,0
Enter and word number & end bit position of field (ww,bd) >#,610
Attitude 11 >ZXero Mordl 0

Enter start word number & start bit position of field (ww,bb) >8,611
Enter and word number & snd bit position of field (ww,bb) >8,15
Attitude 12 >GNT2

Enter start word number & start bit position of field (ww,bb) >9,0
Enter end word number & end bit position of field (ww,bb) >9,615
Attitude 13 >Xast Comp Own Vel

Enter start word number & start bit position of field (ww,bb) >10,0
Enter and word number & end bit position of field (ww,bb) >10,15
Attitude 14 >North Comp Own Vel

Enter atart word number & start bit pooition of field (ww,bd) >11,0
Enter end word number & and bit position of field (ww, bb) >11,615
Attitude 15 >Vert_Coap Own Vel

Enter start word number & start bit position of field (ww,bb) >12,0
Enter eand word number & end bit position of fleld (ww,bb) >12,15
Attitude 16 >Ownship Speed

Enter start word number & start bit position of field (ww,bb) >13,0
Enter end word number & end bit position of field (ww,bb) >13,15
Attitude 17 >Testwordla 2§1010101010101010¢

Enter start word number & start bit position of field (ww,bb) >14,0
Enter end word number & end bit position of field (ww,bb) >14,615
Attitude 18 >Testwordld 2§1010101010101010#

Enter start wcid number & start bit position of fileld (ww,bb) >15,0
Enter end word number & end bit position of field (ww,bb) >15,15
Attitude 19 >Testword2a 2$0101010101010101¢#

Entex start word number & start bit position of field (ww,bb) >16,0
Enter end word number & end bit position of field (ww,bb) >16,15
Attitude 20 >Testword2b 2§0101010101010101¢#

Enter start word number & start bit position of field (ww,bb) >17,0
Erter end word number & end bit position of field (ww,bb)>17,15
Attitude 21 >;

The package specification INS_Spec includes the INS messages below.
Time_and_Status

Attitude

The file you created is :INS File.

Bit-Oxiented Message Definer (BMD) has completad.

Figure 3. (Continued) Prompts and user input for time and status and attitude message
for Vax Ada target.




by giving them a field name, an optional type
defued in another package specification, and an
sptional field wvalue. If an optional Pack-
age_Name.Type_Name is not given, then the fieid
will be of an integer type defined in package
INS_Spec. Some fields, such as Message_Type
and Number_of Words were given default values
in Ada-like notation. Base values of 2 through 16
are valid. Each field position is specified by giving
both the field start word, start bit position, and
end word, end bit position. To complete the Time
and Status message, Hans entered a *;” for
FIELD_NAME. In the BMD a *;” is a delimiter
indicating there is no more data of the type being
entered. Information was entered in similar fash-
ion for the Attitude message. The output file,
INS File, was created and the BMD run com-
pleted when “." was entered for FIELD_NAME
for the Attitude message.

Figure 4 depicts the Time and Status and Atti-
tude Message definitions for a Vax Ada target
environment. Note the header information

containing the user name, file name, target envi-
ronment, message word size, and time created.
Below the header are the type for integer types
ranging from 1 bit up through the maximum size
of the predefined type integer for the target envi-
ronment, which is 2**31-1 for Vax Ada. The
messages are defined as records. Record repre-
sentation clauses are used to specify the position
and size of message fields.

Figure 5 shows the Time and Status and Atti-
tude Message definitions for a Sun Alsys target
environment. The user inputs to generate these
definitions were identical tc those that generated
the Vax Ada definitions, figure 3, except now the
user specified that the target was the Sun Alsys.
The bit positions relative to the zero storage unit
in the record representation clause in figure 5 are
different than those for the Vax target shown in
figure 4. This difference occurred because the
Sun orders bits within a word from left to right
whereas the Vax orders bits within a word from
right to left.




package INS Spec is

-- Usex Name: Hans
-- File name is: INS File.
-- Target environmant: VAX ADA

-- Wumber of bits in type integer for target environment: 32

-- Kumber of bits in mwssage word: 16

-— Date package specification created:
-- Time package specification created:

8/ 25/ 90
14: 22: 48

-- The following statements are for IHS messages:

type IntegerOl is range 0..1;

for Integerll’sixe use 1;

type Integer02 is range 0..2%%2-1;

for Integer(02’size use 2;

type Integerxr03 is range 0..2#%*3-1;

for Integer03’size uge 3;

type Integer04 is range 0..2%%4-1;

for Integer(04’size use 4;

type Integer05 is range 0..2##5-1;

for Integer05’'size use 5;

type Integer06 is range 0..2#%6-1;

for Integer06'sixe use 6;

type Integer07 1s range 0..2#%7-1;

for Integer07’size use 7;

type Integer08 is range 0..2%#8-1;

for Integer08’size use 8;

type Integex(0$ is range 0..2%#%9-1;

for Integex09’'size use 9;

type Integerl0 is range 0..2#%10-1;
for Inlegerl(’asize use 10;

type Integerll is xange 0..2%#11-1;
for Integerll’size use 11;

type Integexl2 is range 0..2*%12-1;
for Integerl2’/sire uge 12;

type Integerl3 is range 0..2%%13-1;
for Integerll’/size use 13;

type Integexrld is range 0..2%*14-1;
for Integerld’size use 14;

type Integerl3 is range 0..2#*15-1;
for IntegerlS5’siza use 15;

type Integerl6é is range 0..2%%16-1;
for Integerlé’size usa 16;

type Time_and Status_Record Type is record
Message Type : Integer08:= 8§003%;
Humber of Words Integerid :=8§005#;

Zero Bit1l : IntegerOl := 0;
I0T : Integer0l;
NS : Integex0l:;
Status : Intager07;
EML_ID : Integer03 := 0;
CAL : Integex01;
DSA : Integer0l;
Dsr : Integer0l;
GRSTAT : Integer05;
Zero_Wordl : Integex03 := 0;
GLSTAT ¢ Integex05;

Figure 4. Time and status and attitude nessage definitions for Vax Ada target.




Test_Wordla : Integerl6 := 2§1010101010101010%;
Test_ Wordld : Integexrlé :m= 2§#1010101010101010#;
Test_Woxrd2a : Integerl6é := 2§01010101010101014#;
Test_Word2b : Integexrlé := 2#0101010101010101#;

eand xecoxd;

for Time and Status Record Type use record at mod 4;
Message 'rypo at 0 range 8 .. 15;
Number_ of_ Words at 0 range 17 .. 30;
zoro_n.ltl at 0 range 32 .. 32;
I0T at 0 range 33 .. 33;
NS at 0 range 34 .. 34;
Status at 0 range 35 .. 41;
EML_ID at 0 range 42 .. 44;
CAL at 0 range 45 .. 45;
DSA at 0 range 46 .. 46;
DSr at 0 range 47 .. 47;
GRSTAT at 0 range 48 .. 52;
Zero_Wordl at 0 range 53 .. 55;
GLSTAT at 0 range 56 .. 60;
Zexro_Word2 at 0 range 61 .. 63;
GNT1 at 0O range €4 .. 74;
Zexo_Word3 at 0 range 75 .. 79;
GMNT2 at 0 range 80 .. 95;
Test_Wordla at 0 range 96 .. 111;
Test_Wordldb at 0 range 112 .. 127;
Test Word2a at 0 range 128 .. 143;
Test_Word2b at 0 xange 144 .. 159;

end record;

Time and Status_Record : Time_ and Status_Recoxrd Type’

type Attitude Record Type is record

Nessage_Type : Integexr08 := 83002#;

Number_of_ Words : Integexrld := 8§011#;

Zero_] Bit1™ : Integex0Ol := 0;

Ovnship Heading : Integerlé;

Ownahip Pitch : Integerlé;

Olmlup Roll : Integerl6;

Ownship | Btadinq Rate : Integerlé;

Ownship Pitch Rate : Integerlsé;

Own-hip Roll | Rate : Integerilé;

Tl : Integerll;

Zero Wordl : Integex05 := 0;

anrr2 ¢ Integerlé;

East_Comp Own Vel : Integerlé;

North Comp ( o\m Vel : Integerlé;

Vezt_Comp Own_Vel : Integerls;

o\m.h.tp Spood : Integexlé;

Testwordia : Integexrl6 := 2#1010101010101010%;
Tastwordlb : Integerl6 := 2§1010101010101010#;
Testword2a : Integerlé := 2§0101010101010101%;
Testword2b : Integerlé := 2§#0101010101010101%;

end record;
for Attitude Record Type use record at mod 4;
Message_Type at 0 range 8 .. 15;

Figure 4. (Continued) Time and status and attitude message definitions for
Vax Ada target.




Number of Words at 0 range 17 .. 30;
Zero_Bitl at 0 range 31 .. 31;
Ownahip Heading at 0 range 32 .. 47;
Ownship Pitch at 0 xange 48 .. 63;
o\mnh.tp Roll at 0 range 64 .. 79;
Ownship Heading Rate at 0 range 80 .. 95;
Ovn-hlp Pitch Rate at 0 range 96 .. 111;
Ovn.hip Roll ] Rate at 0 range 112 .. 127;
GNT1 at 0 range 128 .. 138;
Zexo_Woxdl at 0 range 139 .. 143;
GNT2 at 0 range 144 .. 159;
East C p_Own_Vel at 0 range 160 .. 175;
North . omp_ | own Vel at 0 range 176 .. 191;
Vexrt Oulp Own VoJ. at 0 range 192 .. 207;
Ownship 8pood at 0 range 208 .. 223;
Testwordla at 0 range 224 .. 239;
Testwordld at 0 range 240 .. 255;
Testword2a at 0 range 256 .. 271;
Testword2b at 0 range 272 .. 287;

end record;
Attitude : Attitude Record Type;

end INS_ Spec;

Figure 4. (Continued) Time and status and attitude message definitions for
Vax Ada target.
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package INS_Spec is

=- User Name: hans

-- TFile name is: IN8 Sun.

-- Target environment: SUN ALSYS

-- Number of bits in type integer for target environment: 16
-- NRumber of bits in message word: 16

-- Date package specification created: 8/ 27/ 90

-- Time package specification created: 11: 23: 12

-- The following statements are for INS messages:

type IntegerOl is range 0..1;

for Integex0Ol’size use 1;

type Integex02 is xrange 0..2#%2-1;

for Integer02’size use 2;

type Integer03 is range 0..2#%##3-1;

for Integex03’sixze use 3;

type IntegerO4 is range 0..2%#%4-1;

for Integer(04’size use 4;

type Integex05 is range 0..2#%5-1;

for Integer(05’'size use 5;

type Integexr06 is range 0..2%%6-1;

for Integer(06’size use 6;

type Integer07 is range 0..2%%7-1;

for Integer07’'size use 7;

type Integer08 is range 0..2%%8-1;

for Integer(B8/size use 8;

type Integer09 is xange 0..2%%9-1;

for Integer(09'size use 9;

typre Integerl0 is range 0..2#%10-1;
for Integerl(’size use 10;

type Integerll is range 0..2%#11-1;
for Integerll’size use 11;

tyre Integerl2 is range 0..2%%12-1;
for Integerl2’size usae 12;

type Integerll is range 0..2#%#*13-1;
for Integerl3’size use 13;

type Integerld is range 0..2%*%14-1;
for Integerld’size use 14;

type Integerl$ is range 0..2##15-1;
for Integerl5’size use 15;

type Integerlé is range 0..2%%16-1;
for Integerl6’size use 16;

type Time and Status_Record Type is record

MNessage Type : Integer08 := 8§003%;
Number_of_ Words : Integerid := 8§005#;
Zexo Bitl : Integer0l := 0;

10T : Integero0l;

¥s : Integex01;

Status : Integer07 := 0;

Ba, _Ip : Integer03;

CAL : Integer0l;

DSA ¢ Integerol;

psy : Integer0l;

GRSTAT : Integer0s;

Figure 5. 1ime and status and attitude message definitions for Sun Alsys target.
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Zero_ Wordl : Integex03 := 0;

GLSTAT : Integex0S;

Zero_Woxd2 : Integexr03 := 0;

GMT1 : Integerll;

Zero_Word3l : Integex05 :@= 0;

QT2 : Integerlé;

Test_Woxdla : Integerlé := 2§#1010101010101010%;
Test_Wordlb : Integerl6 := 2§#1010101010101010%;
Test_Word2a : Integerlé := 2§0101010101010101#;
Test_Wordzb : Integexl6 := 2§0101010101010101%;

end recoxd;

for Time and Status_Record Type use record at mod 2;
Massage Type at O range 0 .. 7;
Number of Words at 0 range 17 .. 30;
Zero Bitl at 0 range 47 .. 47;
107 at 0 range 46 .. 46;
NS at 0 range 45 .. 45;
Status at 0 range 38 .. 44;
EML _ID at 0 range 33 .. 37;
CAL at 0 range 34 .. 34;
DSA at 0 range 33 .. 33;
Ds»r at 0 range 32 .. 32;
GRSTAT at 0 xrange 59 .. 63;
Zexo_Wordl at 0 range 56 .. 58;
GLSTAT at 0 range 51 .. S5;
Zero_Word2 at 0 range 48 .. 50;
GNT1 at 0 range 69 .. 79;
Zero_Word3 at 0 xange 64 .. €8;
GNT2 at 0 range 80 .. 95;
Test_Wordla at 0 range 96 .. 111;
Test_Wordld at 0 range 112 .. 127;
Test_Word2a at 0 range 128 .. 143;
Test_Word2b at 0 range 144 .. 159;

end record;
Time and Status : Time and Status Record Type’

type Attitude Record Type is record

Message Type : Integer08 := 8#002%;

Fumber_of Words : Integerid := 8§011§;

Zerxo | Bitl : Integex0l := 0;

Om.hip_noadi.ng : Integerls;

Ownship Pitch : Integerls;

Ownship Roll : Integerls;

Ownship Heading Rate : Integerlé:;

Ownship Pitch Rate : Integerls;

Ownship Roll Rate : Integerlsé;

GNT1 ! Integerll;

Zero_Wordl : Integer05 := 0;

GMT2 : Integerlé;

East_Comp Own Vel : Integerlé;

North comp Own Vel ¢ Integerlsé;

Vert Comp Own Vol : Integerl§;

Own-hip Spood : Integerls6;

Test_| Wordla : Integerlé := 2#1010101010101010#;
Toct_lordlb : Integerlé := 2$#1010101010101010%;

Figure 5. (Continued) Time and status and attitude message definitions for
Sun Alsys target.
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TesatWoxrd2a : Integerlé := 2$0101010101010101%;

TestWord2b Integerlé := 2§0101010101010101§;

end recoxd;

for Attitude Record Type use record at mod 2;
Message Type at Orange 0 .. 7;
Number ot Words at 0 range 17 .. 30;
Zero | Bit1™ at 0 range 16 .. 16;
Own.hip Heading at 0 xange 32 .. 47;
Ownship Pitch at 0 range 48 .. 63;
o\mahip Roll at 0 range 64 .. 79;
Ovnship Heading Rate at 0 range 80 .. 95;
Omhip Pitch | Rate at 0 range 96 .. 111;
Ownsahip Roll ] Rate at 0 range 112 .. 127;
afrl at 0 range 133 .. 143;
Zero_Wordl at 0 range 128 .. 132;
GMT2 at 0 range 144 .. 159;
East_Comp Own_Vel at 0 range 160 .. 175;
Worth Conp Ovn Vel at 0 range 176 .. 191;
Vert_Comp | 0|m Vel at 0 range 192 .. 207;
Omhip Speed at 0 range 208 .., 223;
Test_Wordla at 0 range 224 .. 239;
'roﬂ:_lo:dlb at 0 range 240 .. 255;
TestWoxrd2a at 0 range 256 .. 271;
TestWord2d at 0 range 272 .. 287;

end recoxd;
Attitude : Attitudo_k.cord_!'ypo;

end INS_ Spec;

Figure 5. (Continued) Time and status and attitude message definitions for
Sun Alsys target.
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DUMMY TRACK MESSAGES EXAM-
PLE

Figures 6, 7, and 8 show the message layout
for the Dummy Air Track Message, Dummy Sur-
face Track Message, and Dummy Subsurface
Track Message. These are fictitious messages cre-
ated for illustration purposes only. In these mes-
sages the fields in each are identical down through
CAL CONST. Beyond CAL CONST the fields are
different. This layout suggests that these messages
can be defined as one discriminated record.

Bits
23 't 12y 8 4 0
MESSAGE TYPE _ NUMBER OF WORDS 0
X DISTANCE
Y DISTANCE 2
Z DISTANCE
SOURCE I OEST [ X veLocry 4
TRACK NUMBER Y VELOCITY Words
CONFIRM l STRENGTH Z VELOCITY 6
GMT
JIESAE:
FF| ALTITUDE | CALCONST
TEST WORD 10

Figure 6. Dummy air track message.

Bits
2 U 12 2385 1 1 1% 1110
MESSAGE TYPE — NUMEBER OF WORDS 0
X DISTANGE
¥ DISTANCE 2
Z DISTANCE
SOURCE Inesr l X VELOCITY 4
TRACK NUMBER Y VELOCITY Words
conrm | sTRENG™ I Z vELOCHTY 6
GMT
GMT 8
[ rvee | cass | caLconst
poso | FF || countRYcone 10
TEST WORD

Figure 7. Dummy surface track
message.
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Bits

o) 16 025 4 1 185 1) 44 5 30
MESSAGE TYPE —_— NUMBER OF WORDS 0
X DISTANCE
L Y DISTANCE 2
Z DISTANCE
SOURCE Inssr l X VELOCITY 4
TRACK NUMBER Y VELOCITY Words
CoNFFM Emr_nsm z VELoCTY 6
GMT
[ ovT |8
DEPTH | caLconst
poso | — | & [ 1vee Jouass |10
TEST WORD

Figure §. Dummy subsurface track
message.

Figure 9 shows the BMD prompts and user
inputs used to generate the dummy track message
definitions. Again, all user inputs are given in ital-
ics. In this example the user, Sally, selected the
UYK_43 as the target, indicates that message size
is 24 bits and that message objects will not be cre-
ated. Sally’s responses indicate the message name
is Track and will be defined as a discriminated
record. She defined the discriminant as Msg. The
user has three choices when defining the dis-
criminant type. It can be (1) of type Boolean, (2)
of a type defined in another package specification
or (3) of a type defined by the user. When it is
defined by the user, the type definition will be
declared in the package created. In figure 9, Sally
defined the discriminant type as Global_Data.
Message_Type. Next, the fields, Number_of_
Words through Cal_Const are defined to be com-
mon to all values of the discriminant. Then Sally
indicated the first value of the discriminant is Air,
and message fields for the discriminant value Air
are Altitude, FF_A, and TestWord_A. The same
process was followed for the discriminant values
Surface and Sub_Surface. When Sally entered a
“;” to indicate there were no more values for the
discriminant, the BMD created the output file,
track_file., and the BMD terminated. The fields,
Message_Type, FF_A, TestWord_A, FF_S,
TestWord_S, FF_SS, and TestWord_SS were de-
fined to be of types defined in package
Global_Data.




run bod

Enter

usexr name >sally

Enter target environment (VAX ADA,ADA L,ADA M, SUN_TEL, SUN_ALSYS)
>Ada L
Enter name of file that will contain specs >track file.
Enter number of bits in a message word >24

Enter name of package specification to create >Track Message
Enter name of message group >Track

Create message objects (Y ox N)? >n

Enter message names in msg group. Enter ’;’

1 >Track
2 >;

for last msg.

You are now ready to enter fields for all messages.
Enter ‘;’ for last field.

Is Message Track going to use discriminated records (Y or W)? >y
¥What is the Discriminate’s name? >Meg

Enter type (Boolean | Package Name.Type Name | Type Nams) of discriminant
>Clobal Data.Message Type

Enter start word number and start bit position for field, Msg > 0,16
Enter end word number and end bit position for field, Msg > 0,23

Does message Track contain fields common to all values of

discriminate (Y ox N)? >y

Enter field information for fields common to all values of Mag

Enter ’;’ to end definition of common fields

Enter FIKLD MAME [PACKAGE NWAME.TYPX NAME] [DEFADLT VALUE]

Track
Enter
Enter
Track
Enter
Entex
Track
Enter
Entexr
Track
Enter
Enter
Track
Enter
Enter
Track
Enter
Enter
Track
Enter
Enter
Track
Enter
Enter
Track
Enter
Enter

1
start word number
end word number &

4
start word numbexr
end word number &

S5
start word numberxr
end word number &

6
start word number
end word number &

7
start word number
end word number &

8
start word number
end word number &

9
start word number
end word number &

10
start word number
end word number &

11
start word number
and word number &

>Number._of Nords

& start bit position of field (ww,bb) >0,0
end bit position of field (ww,bb) >0,11

>X Distance

& start bit position of field (ww,bdb) >1,0
end bit position of field (ww,bb) >1,23
>Y Distance

& start bit position of field (ww,bb) >2,0
end bit position of field (ww,bb) >2,23

>Z Distance

& start bit position of field (ww,bb) >3,0
end bit position of field (ww,bb) >3,23

>X Velocity

& start bit position of field (ww,bd) >4,0
end bit position of field (ww,bb) >4,12
>Dest

& start bit position of field (ww,bb) >4, 14
end bit position of field (ww,bb) >4,18
>Source

& start bit position of field (ww,bb) >4,19
end bit position of field (ww,bb) >4,23
>Y Velocity

& start bit position of field (ww,bb) >5,0
en ' bit position of field (ww,bb) >5,12
>Track_Number

& start bit position of field (ww,bd) >5,13
end bit position of field (ww,bb) >5,23

Figure 9. Prompts and user input for dummy track messages for AN/UYK-43

Ada_L target.
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Track 12
Enter start woxd number
Enter end word number &
Track 13
Inter start word number
Enter end woxd number &
Track 14
Enter start word number
Entar and word number &
Track 13
Enter start word numbexr
Enter end word number &
Track 16
Enter start word number
Enter end word number &
Track 17
Enter start word number
Enter end word number &
Track 17

>% Velocity

& start bit position of field (ww,kb) >6,0
end bit position of field (ww,bb) >6,12
>Strength

& start bit position of field (ww,bb) >6,13
end bit position of field (ww,kd) >6,18
>Confirmation

& start bit position of field (ww,bd) >6,19
and bit position of field (ww,bb) >6,623
>GNT1

& start bit position of field (ww,bd) >7,0
end bit position of field (ww,bb) >7,23
>ENT2

& start bit position of field (ww,bb) >8,0
end bit position of field (ww,bb) >8,5
>Cal_Const

& start bit position of field (ww,}d) >9,0
and bit position of field (ww,bb) >9,7

>;

Enter possidble value taken by Meg
Enter /;' if there are no more possible values

>Global Data.Alir
Enter field information

needed for this value of discriminate

Enter ’;’ to end definition of fields for this value
Enter rnm MAME [PACKAGE_KAME.TYPE NMAME] [DEFAULT_VALUE]

Track 1
Enter start word number
Enter and word number &
Track 2
Entexr start word number
Enter end word number &
Track 3
Enter start word numbex
Enter and word number &
Track 4

>Altitude

& start bit position of field (ww,bb) >9,8

end bit position of field (ww,bdb) >9,618

>IT _A Global Data.Fr_Type

& start bit position of field (ww,bb) >9,19

end bit position of field (ww,bb) >9,23
>TestNord A Global Data.TestWoxrd Type 8#77777777#
& start bit pon.t:l.on of field (w,hb) >10,0

end bit position of field (ww,bb) >10,15

>;

Enter possible value taken by Msg
Enter ’;‘' Af there are no more possible values

Global Data.Surface
Enter field information

needaed for this value of discriminste

Enter ’;’ to end definition of fields for this value
Enter FIELD NHAME [PACKAGE MNAME. TYPI_M] [DHM'!_VALUI]

Track 1
Enter start woxrd number
Enter and word number &
Track 2
Enter start word number
Enter end word numbexr &
Track 3
Enter start word numberx
Enter and word number 6
Track 4

>c1¢:c A

& start bit position of field (ww,bb) >9,8
end bit position of field (ww,bd) >9,13
>Type_ S

& start bit position of field (ww,bb) >9,6 14
end bit position of field (ww,bb) >9,6 18
>Countzry Code

& start bit position of field (ww,bb) >10,0
end bit position of field (ww,bdb) >10,11
>IT_S Global Data.FI_Type

Figure 9. (Continued) Prompts and user input for dummy track messages for
AN/UYK-43 Ada_L target.
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Enter
Enterx
Txack
Enter
Track
Enter
Track
Enterxr
Enterx
Track
Enter
Enter

start word number & start bit position of field (ww,bb) >10,13
end word number & end bit position of field (ww,bb) >10,17
S >Pos_ID S
start word number & start bit position of field (ww,bb) >10,18
3 >Country Code
end word number & end bit position of field (ww,bb) >10,23
€ >Testword S Clobal Data.TestWord Type 84#77777777#
start word number & start bit po.:l.tj.on of field (w,bb) >11,0
end word number & end bit position of field (ww,bb) >11,23
7 >;
possible value taken by Mag
? ;% Af there are no more possible values

>Global Data.Sub Surface

Enter
Knter
Enter
Track
Enter
Enter
Track
Enterxr
Entex
Track
Enter
Enter
Track
Entex
Enter
Track
Enter
Enter
Track
Enter
Enter
Track
Enter
Enter

£1eld information needed for this value of discrimingte
*;’ to end dafinition of fields for this value
rnm_nn (PACKAGE_NAME.TYPE NAME] [DEFAULT_VALUEK]

1 >Depth
start word number & start bit position of field (ww,bb) >9,9
end word number & end bit position of field (ww,bb) >9,17

2 >Class_SS
start word number & start bit position of fleld (ww,bb) >10,0
end word number & end bit position of field (ww,bd) >10,4

3 >Type_SS
start word number & start bit position of field (ww,bb) >10,5
end word numbexr & and bit position of field (ww,bb) >10,9

4 >F¥¥_SS Clobal Data.Fr_
start word number & start bit pon.ttion °of field (ww,bb) >10,10
end word number & end bit position of field (ww,bb) >10, 14

S >Pos ID SS
start word number & start bit position of field (ww,bb) >10,19
end word number & end bit position of field (ww,bb) >10,623

€ >Test Noxrd SS Global Data.Testword Type 8#77777777#
start word number & start bit po.ition of field (w,hb) >11,0
end word number & end bit position of field (ww,bb) >11,15

7 >
possible value taken by Msg
’;' Af there are no more possible values

The package specification Track Message includes tha

Track
Track

messages below.

The file jou created is :track file.
Bit-Oriented MNessage Definexr (EMD) has completed.

Figure 9. (Continued) Prompts and user input for dummy track messages for
AN/UYK-43 Ada_L target.
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package Global Data is
type Message Type is (Air, Surface, Sub_Surface):;
for Message_Type use (Air => 1, Surface => 2,
Sub_Surface => 3);
for Message Type’Size use 8;
type FF_Type is (Friend, Foe);
for FF_Type use (Friend => 1, Foe => 2);
for FF_Type’Size use 5;
type Testword Type is range 0..16;
for Testword Type’Size use 16;
end Global Data;

Figure 10. Package global data for dummy track messages.

Figure 10 shows package Global_Data, which Figure 11 depicts the discriminated record
contains type definitions for global message data message definition for the Dummy Air, Dummy
used by the package created above. Package Surface, and Dummy Subsurface Messages. This
Global_Data was created by hand. figure contains the source code generated for the

BMD prompts and user inputs shown in figure 9.
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with Global Data;
package Track Message is

-- Usar Name: sally

-- File name is: track file.

~- Target environment: ADA L

~- TFumber of bits in type integer for target environment: 32
-- Number of bits in message word: 24

-- Date package specification created: 8/ 29/ 90

-- Time package specification created: 16: 30: 55

-- The following statements are for Track messages:

types Integer0l is range 0..1;

for Integer0l’size use 1;

type Integer02 is range 0..2%#*2-1;

for Integer02’/size use 2;

type Integer03 is range 0..2%%3-1;

for Integer03’size use 3;

type IntegerO4 is range 0..2%#%4-1;

for IntegexO4’size use 4;

type Integerxr0S is range 0..2%%5-1;

for Integex05’'size use 5;

type Integer06 is range 0..2%%6-1;

for Integer06’/size use 6;

type Integex07 is range 0..2%%7-1;

for Integexr07’/size use 7;

type Integer08 is range 0..24%8-1;

for Integer08’size use 8;

type Integer09 is range 0..2%%9-1;

for Integer09’size use 9;

type IntegerlO is xrange 0..2##%10-1;
for IntegerlO’size use 10;

type Integerll is xange 0..2#%]11-1;
for Integerll’size use 11;

type Integerl2 is range 0..2%%12-1;
for Integerl2’size use 12;

type Integerl3l is range 0..2%#13-1;
for Integerl3’size use 13;

type Integerld is range 0..2%%14-1;
for Integerld’size use 14;

type IntegerlS is range 0..2#%15-1;
for Integerl5’asize use 15;

type Integerlé is range 0..2%%16-1;
for Integerlé’size use 16;

type Integerl? is range 0..2#%#*17-1;
for Integerl?7’/size use 17;

type Integerl8 is range 0..2%*18-1;
for Integerl$’size use 18;

type Integerld is range 0..2%%19-1;
for Integerl$’size use 19;

type Integer20 is range 0..2%%20-1;
for Integer20’size use 20;

type Integer2l is range 0..2%#21-1;
for Integer2l’size use 21;

type Integerx22 is range 0..2#%22-1;
for Integer22’size use 22;

Figure 11. Dummy track message definitions for AN/UYK-43 Ada_L target.

19




type Integer23 is range 0..2%%23-1;

for Integer23’size use 23;

type Integer24 is range 0..2%%24-1;

for Integer24’size use 24;

type Integer25 is range 0..2%#25-1;

for Integer25’size use 25;

type Integer26 is range 0..2%%26-1;

fox Integer26’size use 26;

type Integer27 is range 0..2%%27-1;

for Integer27’size use 27;

type Integer28 is range 0..2%#28-1;

for Integer28’size use 28;

type Integer29 is range 0..2%#%29-1;

for Integer29’size use 29;

type Integer30 is range 0..2%%30-1;

for Integer30’size use 30;

type Integer3l is range 0..2%#31-1;

for Integex3l’size use 31;

type Integer32 ia range -2#%31,  2#%##31-1;

for Integer32’size use 32;

type Track Message Record Type (Nsg : Global_Data.Nessage Type) is
record

Humber of Woxrds : Integerl2;

X Distance : integer2d;

Y_Distance : integer24;

Z_Distance : integer24;

X Velocity : integerl3;

Dest : integex05;

Source : integex05;

Y _Valocity : integerl3;

Track Number : integerill;

Z_Velocity : integerl3;

Strength : integeros;

Confirmation : integexo0S5;

T : integer24;

QT2 : Anteger06;

Cal Const : integero08;

case Msg is

when Global Data.Air =>
Altitude : Integerill;
IT_A : Global Data.Fr_Type;
TestWord A : Global | . Data. TestWoxrd | Type :=
887777771778
vhen Global Data.Surface =>
Class 8 ¢ Integexo06;
Type 8 : Integer0s;
untry Code : Integerl2;

Fr_8S ¢ Global Data.F¥F¥ Type;
Po. ID s : Global | _Data. ¢ 2 _Type;
Testwoxrd | S : Global | ._Data. TestWord . Type :=

08771777170.
when Global Data.Sudb Surface =>
Depth : Integerx09;
Class_S8S : Integexo0s;

Figure 11. (Continued) Dummy track message definitions for AN/UYK-43

Ada_L target.
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Type_8S8 : Integex05;

Fr_88 : Global Data.FF_Type:
Pos_ID_ 88 : Global Data.Fr _Type;
Test_Word 88 : Global Data.Testword | Type :=
887777717778;
end case;
end record;

for Track Message Record Type use record at mod 1;

Number of_ Words
Msg

X Distance
Y_Distance
Z_Distancs

X Velocity
Dest

Source

Y Velocity
Track Number
Z_Velocity
8t
Confirmation

Pos_ID_S8
Tolt lord 88
and r.coxd

end Track Message;

at

at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at
at

0C0000O000000000000000O0O0O00O00OO0O0O0O0

range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range
range

o .. 11;

16 .. 23;

24 .. 47;

48 .. 71;

72 .. 95;

96 .. 108;
110 .. 114;
115 .. 119;
120 .. 132;
133 .. 143;
144 .. 156;
157 .. 162;
163 .. 167;
168 .. 191;
192 ., 197;
216 .. 223;
224 .. 234;
235 .. 239;
240 .. 255;
224 .. 229;
230 .. 234;
240 .. 251;
253 .. 257;
258 .. 263;
264 .. 287;
225 .. 233;
240 .. 244;
245 .. 249;
250 .. 254;
259 .. 263;
264 .. 279;

Figure 11.
Ada_L target.
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APPENDIX A:
LESSONS LEARNED

Lessons were learned in a number of areas
during the development, testing, and use of the
BMD.

1. Reuse

Existing software contributed to the develop-
ment of the BMD in two ways. First, the Network
Architecture Simulated Test and Evaluation Envi-
ronment (NASTEE) software developed by
NOSC, Code 854, provided useful examples of
how automatic code generation is done in Ada.

Second, source code was reused from other
projects. Code reused included a linked list pack-
age from the Event-Activation Record Approach
to Simulation Modeling in Ada libraries developed
by NOSC, Code 854, and several subprograms for
manipulating character strings from the INS devel-
oped by the SEI.

The reuse of existing code resulted in faster
BMD development with better written compo-
nents.

The source lines of code for the BMD and
source lines of code reused is summarized below.

Delimiting Comments Delimiting Card-Image
Semicolon Semicolon Stmts Lines
Statements & Comments
BMD 1243 344 1587 3380
reused 216 151 367 657
2. Tools

The most helpful tools for this project (other
than the compilers) were the Vax Ada Debugger
and the NASA/Goddard Space Flight Center
Standard Pretty Printer. The pretty printer was
extracted from the Ada Software Repository
(ASR) at White Sands Missile Range, New Mex-
ico. A debugger was not used for development on
the Sun but was used for the Vax; the Vax
debugging was significantly faster. The pretty

printer was helpful in making the style of the Ada
code written by the two authors consistent and in
improving the code readability.

3. Portability

One goal of the project from the beginning
was that the BMD would be 100 percent trans-
portable across the Vax Ada and “un Telesoft
environments, that is, the same software would
run in each environment without changing one
line of source code. This goal was achieved. Care
was taken to not use any software that would limit
the BMD to Vax/VMS or Sun/Unix. The BMD
has also been successfully compiled and executed
in a Sun Alsys environment.

Two potential obstacles to portability were the
difference in file names for VMS versus Unix and
the difference in the size of the type integer for
the two compilers. Type 1nteger is 32 bits for Vax
Ada and 16 bits for Sun Telesoft. The difference
in file names was handled by examining the con-
tents of System.System_Name to determine the
compiler/operating system BMD was running on.

The difference in the size of type integer for
the compilers was handled by declaring the integer
type below. The predefined integer type was not
used.

type Interger_Type is range 0..2147483647;

The upper bound on the range is 2**31-1.
The lower bound is zero because the BMD does
not use any negative integers. The Sun Telesoft
and Sun Alsys compilers automatically make Inte-
ger_Type of type long_integer.

Declaring your own type for integer rather
than using the predefined integer type is one port-
ability guideline in Nissen, 1988. This guideline
and others in Nissen, 1988 were followed. If this
guideline had not been followed then the BMD
would not have ported from the Vax Ada to the
Sun Telesoft environment.

Portability was also ensured by the sequence
of demonstrations, that is, there was one on a
Vax, followed by a Sun demonstration, and then
one on a Vax again.




4. Testing

Testing was done by first compiling message
definition code generated by the BMD. Then a
test program was run that printed out the values of
the message fields using the message definition
generated by the BMD. This testing was done for
each of the target environments. The source code
generated for each of the five targets compiled
with no errors.

Executing the test program in each target
environment has been less successful. The test
program executed successfully in the Vax Ada
and Sun Alsys environments. It did not execute
properly with the Sun Telesoft and ALS/N com-
pilers. The problem with these compilers appears
to be the record representation clauses do not
work properly.

The test program was run using the Telesoft
Version 1.1 compiler for a Sun 3861 computer.
When using the Telesoft compiler the alignment
of fields within a message were displaced 1 byte.
A trouble report was submitted to Telesoft’s cus-
tomer service group. A Telesoft representative
ran the test program on both the Sun 3861
Telesoft and Sun 4 Telesoft compilers. She said
the alignment problem is a compiler bug that
exists with both compilers and that Telesoft is fix-
ing it.

For the ALS/N compiler, the test program
was executed on the AdaVax compiler. A con-
straint error was raised when the test program
attempted to print out a 16-bit test word. An
error report has been submitted to the ALS/N
program office. Testing involving the execution of
Ada_L
and Ada_M generated object code on the
AN/UYK-43 and AN/UYK-44 computers is cur-
rently being done.

A lesson learned during testing of the BMD is
validation testing for Ada compilers needs to be
more comprehensive. The compilers for the five
target environments all passed validation. How-
ever, three have problems related to record repre-
sentation  specifications.  Currently, record
representation specifications and other compiler
dependent features covered in Chapter 13 of the
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Langua _: Reference Manual (LRM), (United
States Department of Defense, 1983), are omitted
from validation testing. These features must be
tested during validation to keep erroneous compil-
ers from going to the field.

S. Timing Comparisons - Manual versus
BMD

A preliminary version of the BMD was used
by SAIC to define bit-oriented messages for the
ABOM project. SAIC manually wrote the source
code to define link-11, link-4a, and link-16 mes-
sages. The CDS message definitions were gener-
ated using the BMD. SAIC reported that message
definitions were created twice as fast when using
the automated tool. SAIC used the tool to gener-
ate approximately 7000 lines of source code
defining the CDS messages.

One of the authors, (HM), manually wrote
the message definitions for four INS messages
targeted for the AN/UYK-43 and then generated
them using the BMD. The task required 2 hours
and 14 minutes to do manually and 25 minutes to
do with the BMD. After writing the code by hand,
three compilations were required to fix errors.
The BMD-generated code compiled error-free the
first time.

6. Lack of a Formal Design Methodol-
ogy

No formal design methodology was used in
developing the BMD. At the beginning it did not
seem necessary. It appeared that the tool would
remain small and uncomplicated. However, it
grew in size and complexity. Ultimately, the use of
a formal design methodology would have made it
easier for the authors to change and enhance the
code.

7. Lack of a Configuration Management
Tool

No configuration management tool was used
during the development of the BMD. At the
beginning it did not seem necessary since only two
people would be writing the tool. In hindsight, a
configuration management tool would have been
useful.
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